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Nucleotide sequences of the VP2 hypervariable region (VP2-HVR) of 10 infectious bursal 
disease viruses detected in indigenous and exotic chickens in Zambia from 2004 to 2005 were 
determined.  Phylogenetic  analysis  showed  that  the  viruses  diverged  into  two  genotypes 
and belonged to the African very virulent types (VV1 and VV2). In the phylogenetic tree, 
strains in one genotype clustered in a distinct group and were closely related to some strains 
isolated in western Africa (VV1), with nucleotide similarities of 95.7% – 96.5%. Strains in the 
other genotype were clustered within the eastern African VV type (VV2), with nucleotide 
similarities of 97.3% – 98.5%. Both genotypes were distributed in the southern parts of Zambia 
and had a unique conserved amino acid substitution at 300 (E→A) in addition to the putative 
virulence marker at positions 222(A), 242(I), 256(I), 294(I) and 299(S). These findings represent 
the first documentation of the existence of the African VV-IBDV variants in both indigenous 
and exotic chickens in Zambia.
Introduction 
Infectious bursal disease virus (IBDV) is the causative agent of infectious bursal disease (IBD) 
of young chickens (Hirai et al. 1974). IBDV is a member of the genus Avibirnavirus of the family 
Birnaviridae (Chettle, Stuart & Wyeth 1989). The virus infects the IgM-bearing B-lymphocytes 
in the bursa of Fabricius (Zierenberg et al. 2000), leading to immunosuppression. There are two 
distinct serotypes of IBDV, namely serotype 1 and serotype 2. IBD is caused by the serotype 1 
viruses, which are classified as classical virulent, antigenic variant or very virulent (VV) IBDVs 
based on their difference in virulence and lethality. Serotype 2 viruses are non-pathogenic to 
chickens (Hoque et al. 2001). The IBDV genome consists of two segments of double stranded 
ribonucleic acid (dsRNA). Segment A (3.4 kb) encodes four viral proteins: the two capsid proteins 
VP2 (48.0 kDa) and VP3 (32.0 kDa – 35.0 kDa), the viral protease VP4 (24.0 kDa) and a non-
structural protein VP5 (17.0 kDa – 21.0 kDa). Segment B (2.8 kb) encodes VP1 (90.0 kDa), an 
ribonucleic acid (RNA)-dependent RNA polymerase.
The  hypervariable  region  (HVR)  within  VP2,  between  amino  acid  residues  206  and  350,  is 
highly conserved, with the highest amino acid sequence variation amongst serotype 1 strains. 
The nucleotide and deduced amino acid sequences of this region are widely used for molecular 
epidemiological studies of IBDV (Kasanga et al. 2007).
Infectious bursal disease virus is worldwide an important virus in the poultry industry as it causes 
immunosuppression and mortality in infected chickens (Jackwood et al. 2011). The emergence of 
a pathotypic variant with enhanced virulence, termed very virulent IBDV (VV-IBDV), in Europe 
in the 1980s led to difficulties in the control of IBD with the use of classical vaccines (Brown, 
Green & Skinner 1994). The origin of VV-IBDV remains unclear.
In Zambia, IBD outbreaks have been reported to occur in vaccinated and non-vaccinated chickens 
from various parts of the country since the early 1990s (Kasanga et al. 2008; Munang’andu, pers. 
comm., 2005). However, the molecular characteristics of field IBDV isolates from Zambia have not 
yet been extensively studied, with only a few reports available on IBDV genome reassortment in 
this country (Kasanga et al. 2012, 2013). The control of IBD in Zambia needs a proper knowledge of 
the molecular characteristics and antigenicity of the circulating IBDV field strains, as this would 
help in selecting appropriate vaccine strains for the effective neutralisation of field isolates. In 
the current study, 10 IBDV field strains obtained from commercial broiler farms and indigenous 
scavenging chickens collected in Zambia between 2004 and 2005 were characterised (Table 1 and 
Figure 1).
Materials and methods
The bursae obtained from clinically normal indigenous scavenging chickens and IBD-confirmed 
dead broiler chickens from different farms were smeared directly onto separate filter papers, fixed 
with 99% ethanol and transported to Japan for molecular characterisation, as described previously 
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TABLE 1: Description of infectious bursal disease virus strains used in this study. 
Sample no. Strain or 
Isolate
Regiona Geographical 
location or zone
Isolation 
year
Host of origin Age (weeks) Vaccination 
status
IBD 
outbreak
GenBank 
accession
7 KZC-7 Mazabuka Southern 2005 Local Y NV No AB368941
10 KZC-10 Mazabuka Southern 2005 Local 7 NV No AB368942
31 KZC-31 Mazabuka Southern 2005 Local 6 NV No AB368943
113 KZC-113 Mazabuka Southern 2005 Local Y NV No AB368944
103 KZC-103 Lusaka Northern 2004 Broiler Y ND Yes AB368945
104 KZC-104 Lusaka Northern 2004 Broiler  5 V Yes AB368946
106 KZC-106 Lusaka Northern 2004 Broiler ND NV Yes AB368947
107 KZC-107 Lusaka Northern 2004 Broiler Y ND Yes AB368948
109 KZC-109 Lusaka Northern 2004 Broiler Y ND Yes AB368949
110 KZC-110 Lusaka Northern 2004 Broiler Y NV Yes AB368950
a, Region in Zambia where the viruses were isolated.
ND, no data; NV, not vaccinated; V, vaccinated; Y, young (≤ 6 weeks). 
107  serotype  1  IBDV  isolates  showing  nearest  homology 
were identified and compared with VP2-HVR sequences of 
Zambian field strains. The phylogenetic tree for nucleotide 
sequences was constructed using 42 representative strains, 
including  the  Zambian  IBDV  field  isolates.  Phylogenetic 
trees  based  on  VP2-HVR  sequences  were  constructed  by 
the  neighbour  joining  method  applying  the  Kimura  two 
parameter  option  (Kimura  1980).  Topological  robustness 
of  the  tree  was  estimated  by  bootstrap  analysis  of  1000 
replicates  (Figure  2).  The  deduced  amino  acid  sequences 
of 10 Zambian strains were aligned and compared to those 
of  selected  serotype  1  IBDVs,  including  those  of  classical 
strains, antigenic variants and VV-IBDVs.
Results and discussion
In a phylogenetic tree based on the nucleotide sequences of 
VP2-HVRs, all Zambian strains fell within the African VV 
type (Figure 2). In the tree, the African VV type is subdivided 
into two major clusters, tentatively named VV1 and VV2. 
VV1 and VV2 contain strains derived from Nigeria in West 
Africa  and  Tanzania  in  East  Africa,  respectively.  A  third 
cluster, VV3, contains the European VV strains derived from 
different  continents  (including  Africa,  Europe,  Asia  and 
elsewhere).
In  the  VV1  cluster,  four  Zambian  strains  were  grouped 
together  and  formed  a  distinct  subcluster,  VV1-Z.  The 
Zambian strains in subcluster VV1-Z were genetically closely 
related to the Nigerian strains in VV1 (Figure 2). The Zambian 
strains in VV1-Z showed 97.3% – 98.5% nucleotide sequence 
identities compared with the VV-IBDVs clustered in VV1, 
which were isolated from Nigeria. All four Zambian strains 
in subcluster VV1-Z were isolated from broiler chickens.
The  close  phylogenetic  relationship  of  VV1-Z  to  other 
viruses in VV1 viruses indicates that the strains in the VV1-Z 
subcluster  were  derived  from  a  common  ancient  ancestor 
of  the  VV1  groups,  with  VV1-Z  viruses  having  evolved 
independently  in  Zambia.  Zambia  and  Nigeria,  located 
in southern and central, and west Africa, respectively, are 
geographically  distant  from  each  other.  Detecting  VV1-
clustered viruses in Zambia that are closely related to those 
in Nigeria suggests that similar viruses clustered in VV1 may 
exist in other countries in Africa.
(Kasanga et al. 2008; Maw et al. 2006).Total RNA was isolated 
from the bursal tissues fixed on filter papers and first-strand 
complementary  DNAs  were  synthesised  as  described  in  a 
previous  report  (Kasanga  et  al.  2008).  The  VP2-HVRs  were 
amplified by polymerase chain reaction (PCR) using the V1 
forward  primer  (5’-CCAGAGTCTACACCATAA-3’)  and 
V2  reverse  primer  (3’-TAGAAAGAGTGGCAACAGG-5’) 
(Yamaguchi  et  al.  2007).  The  PCR  products  were  cloned 
into  the  plasmid  pGEM-T-Easy  vector  (Promega,  Madison 
WI, USA) and cloned DNAs were sequenced at the Dragon 
Genomics Center (TAKARA Bio, Mie, Japan) using a Templiphi 
DNA  sequencing  Template  Amplification  Kit,  DYEnamic 
ET  dye  terminator  kit,  and  MegaBACE1,000  (all  Amersham 
Biosciences, Piscataway NJ, USA). At least five independent 
clones  were  sequenced  per  sample.  The  nucleotide 
sequences of 10 field isolates were deposited in the GenBank/
DDBJ/EMBL  (accession  numbers  AB368941  to  AB368950 
[Table  1])  and  analysed  with  the  aid  of  GENETYXMAC 
software, version 14.0.1 (GENETYX,Tokyo, Japan).
The nucleotide and deduced amino acid sequences of the 
Zambian  field  isolates  were  aligned  using  CLUSTAL  W 
(version  1.8.3)  and  subjected  to  BLAST  searches  (http://
www.ddbj.nig.ac.jp/search/blast-e.html)  to  determine 
their  comparison  with  other  strains.  The  sequences  of 
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FIGURE 1: Map of Zambia showing geographic origins of the Zambian IBDV field 
isolates examined in this study.
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Note: Accession numbers of strains used in this tree: numbers of Zambian strains are listed in Table 1; VV1 (NIE/96/090/C: AJ586926, NIE/98/059/C: AJ586950, NIE/95/007/C: AJ586917, 
NIE/98/027/C: AJ586948, NIE/97/222/C-NIG: AJ586940); VV2 (KMZA-78: AB200985, KMRG-79: AB200986, KMRG-40: AB200982, KMRG-38: AB200981, KMRG-46: AB201125, KDSM-32: AB201124, 
KARS-53: AB200984, KMRG-48: AB200983); VV3 (UK661: Z25480, GIZA2000: AY318758, MYGA: AJ238647, KTBR-18: AB200977, PO7: AY665672, KTG-6: AB306714, KTP-13: AB306716, KDSM-02: 
AB200976, KMRG-00: AB200975, KMRG-35: AB200980, KMRG-26: AB200978, KMZA-28: AB200979); VVA (88180: AJ001941) and CS (Cu-1: AF159219, 2512: DQ355819, KTG-8: AB306715, Variant 
E: D10065, IBA: AJ586965, 002–73: AF148073).
VV; very virulent genotype subdivided in clusters VV1, VV2 and VV3; VVA, atypical very virulent genotype; CS, classic, antigenic variant and Australian classic genotype. 
Isolates from Zambia are in bold and underlined. 
FIGURE 2. Phylogenetic tree calculated by the neighbour-joining method based on the VP2 hypervariable region of the capsid gene of infectious bursal disease virus 
serotype-1 strains, using nucleotide alignment created in Clustal W (version 1.8.3). The numbers at forks indicate the bootstrap values (1000 replicates) in important 
junctions of the tree.
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The  VV2  cluster  consisted  of  two  distinct  subclusters, 
VV2-Z  and  VV2-T.  Six  Zambian  strains  were  grouped  in 
the  VV2-Z  subcluster  (Figure  2).  The  Zambian  strains  in 
VV2-Z  showed  nucleotide  sequence  identities  of  95.7%  – 
96.5% correspondence to the Tanzanian VV-IBDVs clustered 
in  VV2-T.  Of  these,  four  strains  (KZC-7,  KZC-10,  KZC-31 
and  KZC-113)  were  isolated  from  indigenous  scavenging 
chickens,  whilst  the  other  two  (KZC-107  and  KZC-109) 
were isolated from exotic broiler chickens. The existence of 
two  distinct  subclusters  in  VV2  indicates  that  the  viruses 
are  closely  related  and  share  the  same  ancestor  but  have 
undergone  independent  evolution  in  different  geographic 
locations (Zambia and Tanzania), leading to segregation of 
the subclusters.
It  has  been  documented  that  the  viruses  in  the  VV2-T 
subcluster  were  isolated  from  both  exotic  and  indigenous 
chickens  in  Tanzania  (Kasanga  et  al.  2007).  Previous 
observations and the current findings suggest that several 
factors other than the virus host could influence the pattern 
of virus evolution in Zambia and Tanzania, resulting in two 
different virus lineages.
All  10  Zambian  isolates  conserved  putative  virulence 
marker amino acids at positions 222(A), 242(I), 256(I), 294(I) 
and 299(S), which have been identified in most VV-IBDVs 
(Kasanga et al. 2007). In addition, they retained the amino 
acid  substitution  at  300  (E→A)  in  the  minor  hydrophilic 
region  of  the  VP2-HVR  domain,  as  was  also  observed 
in  the  African  VV-IBDVs  from  Tanzania  (Kasanga  et  al. 
2007). The conservation of amino acid substitutions in the 
hydrophilic  region  implies  that  the  Zambian  strains  are 
antigenically  different  from  classical  and  European  VV-
IBDVs. It is hypothesised that the amino acid substitution 
at 300 (E→A) could be associated with the altered biological 
characteristics of viruses in Zambia. Further reverse genetics 
studies are recommended to elucidate the role of amino acid 
substitution at 300 (E→A) in the pathogenicity and lethality 
of the Zambian field IBDV strains.
Conclusion
In  summary,  10  Zambian  field  IBDV  isolates  were 
characterised.  It  was  found  that  the  African  VV-IBDVs 
exist in Zambia and could be divided into two clusters. For 
in-depth  evolutionary  analysis  of  the  African  VV-IBDVs 
detected in Zambia, genome segment B of the viruses also 
needs to be studied in order to provide relevant information 
required for the design of appropriate control method(s) for 
emergent African VV-IBDVs.
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